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The microwave power absorption and characteristic impedance of integrated CoNbZr magnetic
films on coplanar waveguides have been investigated. The power absorption peaks of the CoNbZr
films 50 m2 mm with different film thickness, 0.5, 1, and 2 m, were observed at around 3.3,
4.5, and 5.8 GHz, respectively. These peak frequencies were in good agreement with calculated
ferromagnetic resonance frequencies including magnetic shape anisotropy effects. Compared with
the coplanar waveguide without a magnetic film, the characteristic impedance of these integrated
films at 1 GHz in passband frequency was shown to be increased. This change resulted in the large
increment of inductance up to 33% without any significant changes of the capacitance. © 2006
American Institute of Physics. DOI: 10.1063/1.2159423I. INTRODUCTION
With the operation frequency increase and integration of
electronic devices and components, magnetic thin films have
been widely used for the electromagnetic noise countermea-
sure in microwave devices such as radio frequency rf noise
suppressor, phase shifter, and tunable filters up to a few
GHz.1–3 Basically, coplanar waveguides CPW show broad
passband frequencies without any significant change of char-
acteristic impedance. Thus the ideal role of the magnetic
films, used as a noise countermeasure, eliminates harmonic
noises in the stop-band region with the minimum insertion
loss. To achieve this purpose, the change of the characteristic
impedance should be minimized to avoid signal distortion in
a passband frequency region and the microwave power ab-
sorption by the ferromagnetic loss generation maximized in
stop-band frequency. More detailed mechanism of the coun-
termeasure for the electromagnetic noise emission in the in-
tegrated magnetic films on signal transmission line was
briefly explained elsewhere.1,4
As discussed above, it is critical to characterize the mi-
crowave power absorption and characteristic impedance Zc
in integrated magnetic films on the signal transmission line
for the enhancement of electromagnetic noise countermea-
sure. However, there has been a lack of detailed analyses of
these characteristics. Therefore, we systematically investi-
gated the microwave absorption and characteristic imped-
ance changes of integrated CoNbZr magnetic films on CPW
as a function of film thicknesses.
II. EXPERIMENTAL PROCEDURE
To evaluate the rf characteristics, the CPW with
50 -characteristic impedance was fabricated on the 7059
Corning glass permittivity, r=5.84 substrate. The dimen-
sion of the signal line is 2200503 m. As shown in Fig.
1, an integrated device is composed of magnetic film/2 m
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Cu/Ti/glass substrate, which was fabricated by a microfab-
rication process. The Cu/Ti seed layers were deposited by rf
sputtering to the thickness of 1000 Å and 100 Å, respec-
tively. The Cu transmission lines were deposited by an elec-
troplating method.
The polyimide as an insulator between CPW and mag-
netic film was spin-coated and cured at 400 °C in N2 atmo-
sphere. Amorphous Co85Nb12Zr3 magnetic films were depos-
ited by rf magnetron sputtering on the polyimide layer/CPW.
And then the films were patterned by photolithography and
etched by ion milling. The dimension of the magnetic films
is the following: length=2 mm, width=50 m, and
thickness=0.5 m, 1.0 m, and 2 m. In order to align the
direction of spins and make the uniaxial magnetic anisotropy
field Hk, the magnetic films were annealed at about 300 °C
during 1 h with 3 kG of the external magnetic field. The
saturation magnetization 4Ms of these films is about
10 kG and the in-plane magnetic anisotropy field Hk is
about 10 Oe.
The FMR frequency of these films exhibit about
0.9 GHz without the consideration about magnetic shape an-
isotropy. The easy axes of these magnetic films integrated on
the CPW were aligned in parallel to the wave propagation
hrf of the CPW. The measurements were performed from
0.1 to 20 GHz using an HP 8720D network analyzer with
two microprobes.FIG. 1. Schematic of the integrated magnetic film on a coplanar waveguide.
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DownlIII. RESULTS AND DISCUSSIONS
To evaluate the change of the characteristic impedance
and the microwave power absorption, the scattering param-
eters S11, S21 of the CPW were obtained by a network ana-
lyzer. Figure 2 shows the measured reflection, transmission
coefficients, and power loss for the integrated magnetic film
with different thickness on the CPW.
FIG. 3. The calculated ferromagnetic resonance frequency fr for the dif-
ferent thicknesses of CoNbZr magnetic films in comparison to that of the
FIG. 2. The measured signal transmission S21 a, reflection S11 b and
power loss c for the CoNbZr magnetic films with the different thicknesses
0.5 m, 1 m, and 2 m.measured CPW cell.
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magnitude of the signal attenuation was increased at reso-
nance frequency. The generalized power loss is calculated by
the measured reflection S11 and transmission S21 param-
eters as follows: Ploss / Pinput=1− S212+ S112. The magni-
tudes of microwave absorption were increased with the in-
crement of CoNbZr film thickness. The resonance
frequencies of the power absorption were observed at around
3.3, 4.5, and 5.8 GHz with the change of the magnetic film
thickness 0.5, 1, and 2 m, respectively. The resonance fre-
quencies were shifted to high frequency in comparison to
that of CoNbZr film without shape anisotropy. Figure 3
shows the calculated resonance frequency in comparison to
that of the measured data. The formula for the resonance
condition is given by5
fr =

2
Hk + Ny − Nz4MsHk + Nx − Nz4Ms ,
1
where fr, , Hk, and 4Ms denote, respectively, resonance
frequency, gyromagnetic ratio, magnetic anisotropy field,
and the saturation magnetization. The demagnetizing factors
Nx, Ny, and Nz are determined by the dimension of the mag-
netic film.6 The calculated resonance frequencies coincided
with the measured ferromagnetic resonance frequency by the
CPW cell.
The characteristic impedance of the CPW cell can be
also computed from the measured s parameter,7
Zc
2
= Z0
21 + S11
2 2 − S21
2 /1 − S11
2 2 − S21
2 	 , 2
where Z0 is the reference impedance 50 .
As a result, the characteristic impedance with the differ-
ent thickness 0.5, 1, and 2 m of magnetic films is in-
creased to 2.5, 6.3, and 8  at 1 GHz in passband fre-
quency in comparison to that of the CPW, respectively, as
shown in Fig. 4. These variations of characteristic impedance
arise from the change of inductance and resistance of the
magnetic films. Figure 5 shows the inductance and the ca-
pacitance of the integrated magnetic films with the different
FIG. 4. The change of the characteristic impedance Zc with the different
thicknesses of CoNbZr magnetic films.thickness in comparison to that of the CPW. The magnitudes
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thickness, while the capacitances do not show any large
change in comparison to that of the CPW.
In general, the phase variation of propagation signal
should be minimized to enhance the signal integrity in elec-
tronic devices. However, the phase variation of propagation
signal due to the insertion of magnetic film shortens the
propagation wavelength over a broad frequency range.
The propagation wavelength is given as follows: =
+ j, where  is the propagation constant,  is the attenua-
tion constant, and  is the phase =2 /	. In Fig. 6, the
wavelengths are changed with about 13.26 cm 0.5 m
thick, and 13.69 cm 1.0 m thick, and 13.82 cm 2.0 m
thick at 1 GHz, respectively, which are about 10% –15%
smaller than 15.68 cm of the CPW. It implies that wave-
length shortening is expected to promise the size reduction of
electronic devices.
IV. CONCLUSIONS
As the thickness of the integrated magnetic films on the
CPW were increased, the characteristic impedances were
FIG. 5. Inductance and capacitance for the CoNbZr magnetic films with the
different thicknesses in comparison to that of the CPW.oaded 30 Aug 2011 to 130.34.134.250. Redistribution subject to AIP licslightly increased up to 10  in comparison to that of the
CPW. It implies that the characteristic impedance can be
controlled by the thickness of the magnetic film and the
space between the CPW and magnetic film. As a result, the
integrated magnetic film on the CPW shows a good potential
for near field rf noise suppression. The signal cutoff fre-
quency can be controlled up to a few GHz by the dimension
of the magnetic film without any external applied magnetic
fields.
In addition, as insertion of the magnetic film on signal
transmission line, the propagation wavelengths shorten about
15% in comparison to that of the CPW.
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